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(54) SYRINGE ADAPTER WITH COMPOUND MOTION DISENGAGEMENT

(57) An adapter for connection with a fluid container
includes an outer housing having a distal end, a proximal
end, and a generally cylindrical sidewall extending be-
tween the distal end and the proximal end, an inner mem-
ber comprising a body rotatably inserted within the outer
housing, a first locking arrangement configured to restrict
the inner member from rotating relative to the housing in
a first direction, and a second locking arrangement con-
figured to restrict the inner member from rotating relative
to the housing in both the first direction and a second
direction. The adapter is transitionable between: a dis-
engaged state, in which the first locking arrangement and
the second locking arrangement are not engaged with
the inner member; a partially engaged state in which the
first locking arrangement engages the inner member; and
a fully engaged state in which the second locking ar-
rangement engages the inner member.
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Description

BACKGROUND OF THE INVENTION

Field of the Invention

[0001] The present invention relates to an adapter for
a closed system transfer assembly that permits fluid de-
livery from a first fluid container to a second fluid container
through the adapter. More specifically, the invention is
directed an adapter with a connection arrangement for
engaging and disengaging the adapter from the fluid con-
tainer.

Description of Related Art

[0002] Healthcare workers, such as pharmacists and
nurses, can be subject to acute and long term health risks
upon repeated exposure to drugs or solvents which might
escape into the air during drug preparation, drug admin-
istration, and other similar handling. This problem is par-
ticularly serious when cytotoxins, antiviral drugs, antibi-
otics, and radiopharmaceuticals are concerned. The
health risks faced by exposure to these drugs can include
the development of cancer, reproductive problems, ge-
netic conditions, and other serious concerns. Other haz-
ardous areas may be sample taking, such as samples
concerning virus infections or the like. When performing
infusions, it is often necessary to inject a drug or other
medical substance into the infusion fluid, inside an infu-
sion bag or other infusion fluid container. This is often
done by means of penetrating a septum or other fluid
barrier of an injection port on the infusion bag or on the
infusion fluid line with a needle of a syringe filled with the
medical fluid in question. However, even before this, it
may be necessary to transfer the medical fluid from a vial
to a syringe and then from the syringe to a secondary
container. In each of these steps, staff may be exposed
to the medical fluid by means of contamination. Such
contamination may be vaporized medical fluid or aerosol
in the air. The contaminations may contaminate the staff
through their lungs, or by vaporized medical fluid or aer-
osol in the air which condensates on the skin to thereafter
penetrate the skin of the staff. Some medicaments are
even known to penetrate protection gloves and thereby
contaminate the staff.
[0003] Exposure to contaminations like this may, on a
long term basis, give rise to alarmingly high concentra-
tions of medicaments in the blood or the human body of
the staff as described above. It has been understood that,
due to the many transferring steps between e.g., vials,
syringes, infusion systems, etc., the risk for contamina-
tion during the actual insertion and retraction of a needle
from the container, e.g., a vial, needs to be contained.
Closed system transfer devices (CSTD) have been de-
veloped to ensure that the medicament is contained in
the transfer device during transfer of the medicament.
[0004] Generally, a CSTD includes an adapter (re-

ferred to hereinafter as a syringe adapter) for connection
to a first fluid container, such as a syringe, and a second
adapter (referred to hereinafter as a vial adapter) for con-
nection to a vial, a second syringe, or a conduit providing
fluid access to the patient’s circulatory system. According
to one arrangement, the healthcare practitioner may re-
constitute a powdered or lyophilized compound with sa-
line or some other reconstitution medium by attaching
the syringe to the vial through the syringe adapter and
the vial adapter. The practitioner reconstitutes the drug,
aspirates the compound into the syringe, disconnects the
adapters, and then attaches the syringe adapter and sy-
ringe attached thereto to a patient delivery device, such
as an IV line or syringe, for administration to the patient.
[0005] One type of syringe adapter that can be used
in a CSTD has a proximal end with a male or female luer-
lock element that is arranged to be joined with a corre-
sponding female or male luer-lock element of the syringe.
The luer-lock element can be screwed into and un-
screwed from the corresponding luer-lock element. It is
desirable to prevent accidental or inadvertent unscrew-
ing of the components, which could lead to the discon-
nection of the fluid passageway extending through the
adapter. Such disconnection may result in a serious con-
tamination risk for a patient and/or any other person in
the vicinity of the disconnected CSTD. The issue of safety
in administration of hazardous medical compounds is
one that has been identified as being of critical impor-
tance by professional organizations and government
agencies alike.
[0006] It is, therefore, desirable to provide a syringe
adapter for enabling fluid transfer from the syringe to the
syringe adapter, vial adapter, and second fluid container
by facilitating a positive connection of the connectors and
avoiding inadvertent or accidental disconnection of the
syringe and fluid connector. Specifically, it is desirable
that the syringe and syringe adapter may be connected
together via a simple intuitive connection activity. How-
ever, the steps for disconnecting the syringe from the
syringe adapter should be more complex so that inad-
vertent or accidental disconnection is discouraged.

SUMMARY OF THE INVENTION

[0007] In one aspect of the present invention, an adapt-
er for connection with a fluid container includes an outer
housing having a distal end, a proximal end, and a gen-
erally cylindrical sidewall extending between the distal
end and the proximal end, an inner member comprising
a body rotatably inserted within the outer housing and a
connector extending from the body configured to connect
the adapter to a fluid container, a first locking arrange-
ment engageable with the body of the inner member and
configured to restrict the inner member from rotating rel-
ative to the housing in a first direction, and a second
locking arrangement engageable with the body of the
inner member and configured to restrict the inner mem-
ber from rotating relative to the housing in both the first
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direction and a second direction. The adapter is transi-
tionable between: a disengaged state, in which the first
locking arrangement and the second locking arrange-
ment are not engaged with the inner member; a partially
engaged state in which the first locking arrangement en-
gages the inner member; and a fully engaged state in
which the second locking arrangement engages the inner
member.
[0008] The inner member may be rotatable in both the
first direction and the second direction when the connec-
tor is in the disengaged state. The inner member may be
transitionable from an extended position to a recessed
position by applying a compressive force to the inner
member.
[0009] The adapter may further include a biasing mem-
ber that maintains the inner member in the extended po-
sition. The biasing member may be a leaf spring.
[0010] The first locking arrangement may include at
least one protrusion extending inward from an inner sur-
face of the sidewall of the housing and a corresponding
protrusion on the body of the inner member configured
to engage the protrusion on the sidewall. The at least
one protrusion may extend inward from an inner surface
of the sidewall of the housing and the corresponding pro-
trusion on the body of the inner member may be one-
way ratchets comprising a sloped face and a substantially
vertical face.
[0011] The first locking arrangement may be at least
two protrusions positioned on opposing circumferential
sides of the sidewall of the housing and at least two cor-
responding protrusions extending from the body of the
inner member. The second locking arrangement may be
at least one inwardly extending tab connected to a portion
of the sidewall of the housing and configured to selec-
tively engage a portion of the inner member. The second
locking arrangement may be at least two inwardly ex-
tending tabs positioned on opposing sides of the sidewall
of the housing. The at least one tab may be a pressing
surface configured such that applying a compressive
force to the pressing surface biases the tab inward to
engage the portion of the inner member. The tab may be
connected to the sidewall of the housing at a flexible joint,
such that application of the compressive force to the
pressing surface biases the tab inward about the flexible
joint. The second locking arrangement may include a
beam that connects the tab to the sidewall of the housing,
and where applying a compressive force to the pressing
surface deflects the beam inward thereby extending the
at least one tab toward the inner member. The second
locking arrangement may include two beams connected
to opposing sides of the tab. The second locking arrange-
ment may include at least one tooth extending radially
from the inner member, with the tooth being configured
to engage the at least one tab.
[0012] The connector may include an outer surface
with helical threads configured to engage corresponding
threads on an inner surface of a portion of the fluid con-
tainer. The connector may be a luer connector configured

to receive a corresponding luer connector of the fluid con-
tainer.
[0013] The inner member may be transitionable from
an extended position to a recessed position relative to
the outer member, where the inner member is in the dis-
engaged state when in the extended position, and where
the inner member is in one of the partially engaged state
and the fully engaged state when in the recessed posi-
tion. The inner member may be in the fully engaged state
when the inner member is in the recessed position and
when the second locking arrangement is engaged with
the body of the inner member.
[0014] In a further aspect of the present invention, a
method of disconnecting a fluid container to an adapter
includes: providing an adapter comprising an outer hous-
ing having a distal end, a proximal end, and a generally
cylindrical sidewall extending between the distal end and
the proximal end, an inner member comprising a body
rotatably inserted within the housing and a connector ex-
tending from the body comprising a connector configured
to engage with the fluid container, a first locking arrange-
ment engageable with the body of the inner member and
configured to restrict the inner member from rotating rel-
ative to the housing in a first direction, and a second
locking arrangement engageable with the body of the
inner member and configured to restrict the inner mem-
ber from rotating relative to the housing in both the first
direction and a second direction; moving the fluid con-
tainer in an axial direction towards the adapter; engaging
the second locking arrangement; and rotating the fluid
container to disconnect the fluid container from the inner
member of the adapter.
[0015] These and other features and characteristics of
the present invention, as well as the methods of operation
and functions of the related elements of structures and
the combination of parts and economies of manufacture,
will become more apparent upon consideration of the
following description and the appended claims with ref-
erence to the accompanying drawings, all of which form
a part of this specification, wherein like reference numer-
als designate corresponding parts in the various figures.
It is to be expressly understood, however, that the draw-
ings are for the purpose of illustration and description
only and are not intended as a definition of the limits of
the invention. As used in the specification and the claims,
the singular form of "a", "an", and "the" include plural
referents unless the context clearly dictates otherwise.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016]

Fig. 1 is a perspective view of closed system transfer
device system according to an aspect of the inven-
tion.
Fig. 2 is a perspective view of an adapter according
to an aspect of the invention.
Fig. 3 is a cross sectional view of the adapter of Fig.
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2.
Fig. 4 is a perspective view of an inner member of
the adapter of Fig. 2.
Fig. 5 is a cross sectional view of the inner member
of Fig. 4.
Fig. 6A is a front view of a portion of an adapter
having an inner member in an extended position,
according to another aspect of the invention.
Fig. 6B is a front view of the adapter of Fig. 6A with
the inner member in the recessed position.
Fig. 7 is a front view of a portion of the adapter of
Fig. 2.
Fig. 8 is a top view of the adapter of Fig. 2 with the
inner member removed therefrom.
Fig. 9A is a front view of the leaf spring of the adapter
of Fig. 2 in a default position.
Fig. 9B is a front view of the leaf spring of Fig. 9A
in a compressed position.
Fig. 10 is a perspective view of a biasing member
according to another aspect of the invention.
Fig. 11 is a perspective view of a biasing member
according to another aspect of the invention.
Fig. 12 is a front view of a portion of the adapter of
Fig. 2 with the exterior of the adapter housing being
transparent for clarity.
Fig. 13 is a cross section view of a portion of the
adapter of Fig. 2.
Fig. 14 is a perspective view of a portion of an adapt-
er according to another aspect of the invention.
Fig. 15 is a perspective view of a portion of an adapt-
er according to another aspect of the invention.
Fig. 16 is a cross section view of an adapter accord-
ing to another aspect of the invention.
Fig. 17 is a perspective view of an aspect of a re-
moval tool connected to the adapter of Fig. 2 for
removing a syringe therefrom.
Fig. 18A is a perspective view of a removal tool for
removing a syringe from an adapter according to an-
other aspect of the invention.
Fig. 18B is a perspective view of an adapter accord-
ing to another aspect of the invention configured to
be disconnected from a syringe with the removal tool
of Fig. 18A.
Fig. 19 is a perspective view of a portion of an adapt-
er according to another aspect of the invention.
Fig. 20 is a perspective view of a portion of an adapt-
er according to another aspect of the invention.

DESCRIPTION OF THE INVENTION

[0017] The illustrations generally show preferred and
non-limiting aspects of the systems and methods of the
present disclosure. While the descriptions present vari-
ous aspects of the devices, it should not be interpreted
in any way as limiting the disclosure. Furthermore, mod-
ifications, concepts, and applications of the disclosure’s
aspects are to be interpreted by those skilled in the art
as being encompassed by, but not limited to, the illustra-

tions and descriptions herein.
[0018] Further, for purposes of the description herein-
after, the terms "end", "upper", "lower", "right", "left", "ver-
tical", "horizontal", "top", "bottom", "lateral", "longitudi-
nal", and derivatives thereof shall relate to the disclosure
as it is oriented in the drawing figures. The term "proximal"
refers to the direction toward the center or central region
of the device. The term "distal" refers to the outward di-
rection extending away from the central region of the de-
vice. However, it is to be understood that the disclosure
may assume various alternative variations and step se-
quences, except where expressly specified to the con-
trary. It is also to be understood that the specific devices
and processes illustrated in the attached drawings, and
described in the following specification, are simply ex-
emplary aspects of the disclosure. Hence, specific di-
mensions and other physical characteristics related to
the aspects disclosed herein are not to be considered as
limiting. For the purpose of facilitating understanding of
the disclosure, the accompanying drawings and descrip-
tion illustrate preferred aspects thereof, from which the
disclosure, various aspects of its structures, construction
and method of operation, and many advantages may be
understood and appreciated.
[0019] With reference to Fig. 1, a closed system trans-
fer assembly 2 is illustrated. The closed system transfer
assembly 2 includes a first fluid source or container, such
as a syringe 4 or IV line, configured to be connected to
a syringe adapter (referred to hereinafter as adapter 10).
The syringe 4 includes a male luer connector 6 that is
configured to be secured to a corresponding female luer-
lock connector 12 of the adapter 10. However, it is un-
derstood that the arrangement of the male and female
luer-lock fittings may be reversed for certain fluid delivery
applications. Any other connection interface, as is known
in the art, may also be added in place of the luer fittings
as required. The distal end of the syringe 4 may also
include a luer-lock 8 surrounding the male luer connector
6 with threads 9 configured to engage corresponding
threads 14 surrounding the connector 12. More specifi-
cally, the adapter 10 is an assembly of components
adapted to create a tamper-proof connection interface
with the syringe 4. The adapter 10 is configured to prevent
accidental or inadvertent disconnection of the adapter 10
and the syringe 4, which could compromise the integrity
of the closed system transfer assembly 2. As will be de-
scribed in detail hereinafter, the adapter 10 includes var-
ious locking arrangements for preventing a user from in-
advertently disengaging the adapter 10 from the syringe
4. As a result of the locking arrangements, to disengage
the syringe 4 from the adapter 10, the user must perform
a compound motion activity. As referred to hereinafter,
a compound motion activity refers to more than one dis-
tinct and independent motion performed in a predeter-
mined order or sequence. For example, in one aspect of
the adapter 10, the compound motion activity includes
at least three distinct motions, namely pressing the sy-
ringe 4 toward the adapter 10, pressing a button, tab, or
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surface located on a sidewall of the adapter 10, and ro-
tating the syringe 4 relative to the adapter 10 to disengage
the threads 14 of the connector 10 from the threads 9 on
the luer-lock 8 of the syringe 4. The sequence of prede-
termined steps may also be reversed or performed in a
different order within the scope of the present invention.
[0020] With reference to Figs. 2 and 3, the adapter 10
includes an outer housing 16 having a distal end 18, a
proximal end 20, and a generally cylindrical sidewall 22
extending between the distal end 18 and the proximal
end 20. The housing 16 defines a fluid passageway 24
(shown in Fig. 3) extending between the proximal end
20 and distal end 18 of the outer housing 16. The housing
16 may be formed from any suitable structural material
including medical grade plastic or metal. Optionally, the
housing 16 may include various features that make hold-
ing or manipulating the housing 16 and adapter 10 easier.
For example, the housing 16 may include a narrower grip
portion 26 that is more comfortable for users to hold. The
housing 16 may also include a textured portion or surface
(not shown) so that the housing 16 does not slip or slide
when held by the user. The housing 16 may also include
various aesthetic features such as patterns, designs, log-
os, and the like for improving the appearance of the outer
housing 16.
[0021] With continued reference to Figs. 2 and 3, in
certain aspects, the housing 16 includes a needle can-
nula 25 extending therethrough that forms the fluid pas-
sageway 24. The cannula 25 may include a tip at a distal
end thereof for establishing a fluid connection with a fluid
container such as a medical vial. The housing may also
include a septum (not shown) or seal arrangement, ca-
pable of being pierced by the tip of the needle, extending
across an inner portion of the housing 16. During use,
the needle tip and cannula 25 may be advanced through
the septum or seal arrangement to establish fluid com-
munication through the housing 16. The septum or seal
arrangement may be configured to prevent fluid from
passing through the housing 16 and contaminating other
elements of the adapter 10 and/or syringe 4.
[0022] The adapter 10 further includes an inner mem-
ber 28 inserted in the proximal end 20 of the housing 16.
For example, in one aspect, the inner member 28 may
be inserted in an annular sleeve 30 extending around the
proximal end 20 of the housing 16. As will be described
hereinafter, an inner surface 32 (shown in Fig. 3) of the
sidewall 22 may include various structures for engaging
the inner member 28 to restrict rotation thereof. The inner
member 28 includes a substantially cylindrical body 34
having an outer diameter OD that generally corresponds
with the inner diameter ID of the sidewall 22 of the housing
16. The adapter 10 also includes a first locking arrange-
ment 36 that is capable of engaging with the body 34 of
the inner member 28 for restricting the inner member 28
from turning in a first direction A, such as clockwise, and
a second locking arrangement 38 that is capable of en-
gaging with body 34 of the inner member 28 for restricting
the inner member 28 from turning in both the first direction

A and a second direction B, such as counter clockwise.
[0023] As will be described in greater detail hereinafter,
the adapter 10 is transitionable between three states or
positions. First, the adapter 10 may be in a disengaged
state, in which the first locking arrangement 36 and the
second locking arrangement 38 are not engaged with the
inner member 28. In the disengaged state, the inner
member 28 can freely rotate relative to the stationary
outer housing 16 in both the first direction A and the sec-
ond direction B. Second, the adapter 10 may be in a
partially engaged state. In the partially engaged state,
the first locking arrangement engages 36 the inner mem-
ber 28 so that rotation in direction A is substantially pre-
vented. Finally, the adapter 10 may be transitioned to a
fully engaged state or position in which the second lock-
ing arrangement 38 engages the inner member 28, there-
by preventing the inner member 28 from rotating sub-
stantially freely in either the first direction A or the second
direction B. It is noted, however, that some rotation may
still occur in the partially engaged and fully engaged
states if the locking arrangements 36, 38 have not
reached a hard stop or if the user is not gripping the lock-
ing arrangements 36, 38 strongly enough to fully prevent
rotation of the inner member 28.
[0024] With reference to Figs. 2-5, the body 34 of the
inner member 28 is a substantially cylindrical structure,
although other suitable shapes may be utlized. The body
34 may include a cap 40 or top on a proximal end thereof.
The cap 40 covers a portion of the proximal end of the
body 34 and, when inserted in the housing 16, also covers
at least a portion of the proximal end 20 of the housing
16. The connector 12 extends from the cap 40 of the
body 34 and is positioned such that the fluid passageway
24 extends therethrough. For example, a proximal end
of the cannula 25 (shown in Fig. 3) may be inserted into
a distal end 44 (shown in Fig. 5) of the connector 12 for
permitting fluid flow through the housing 16 of the adapter
10.
[0025] The connector 12 includes various structures
for connecting the inner member 28 of the adapter 10 to
the syringe 4 (shown in Fig. 1). As described above, in
one aspect, the exterior sidewall of the connector 12 in-
cludes helical threads 14 extending therefrom. The
threads 14 are configured to engage corresponding
threads 9 on the syringe 4 (shown in Fig. 1). For example,
the user may connect the syringe 4 to the connector 10
by twisting the syringe 4 in a direction A.
[0026] In certain aspects, the inner member 28 also
includes a pedestal 46 or base located between the body
34 of the inner member 28 and the connector 12. The
pedestal 46 includes at least one flat 47. For example,
the pedestal 46 may include opposing flats 47 on either
side of the pedestal 46. As will be described hereinafter,
the flats 47 are configured to be connected with a removal
tool 100 (shown in Fig. 17), such as a wrench. The re-
moval tool 100 prevents the inner member 28 from ro-
tating relative to the housing 16, making it easier to re-
move the syringe 4 from the adapter 10.
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[0027] With reference to Fig. 7 and as described
above, the inner member 28 is configured to be inserted
in the proximal end 20 of the housing 16 of the adapter
10. Optionally, the housing 16 may include structures for
maintaining the inner member 28 in the housing 16. For
example, the adapter 10 may include a snap fit mecha-
nism 48 configured to engage a portion of the inner mem-
ber 28. The snap fit mechanism 48 may include a ledge
50 or ring extending from a portion of the sidewall 22 of
the housing 16. A corresponding ledge 52 or ring on the
body 34 of the inner member 28 is configured to contact
the ledge 50 or ring for maintaining the inner member 28
in the housing 16. In certain aspects, a window 54 on the
sidewall 22 of the housing 16 allows the user to determine
when the snap fit connection is established.
[0028] With reference to Figs. 6A and 6B, the inner
member 28 is configured to be transitionable from an
extended position (shown in Fig. 6A) to a recessed po-
sition (shown in Fig. 6B) in which the inner member 28
is inserted farther into the outer housing 16. The user
advances the inner member 28 in the distal direction D,
relative to the housing 16, to transition the inner member
28 from the extended position to the recessed position
by applying a compressive force thereto. As will be de-
scribed hereinafter, the first locking arrangement 36
(shown in Figs. 2 and 3) and second locking arrangement
38 cannot engage the inner member 28 when it is in the
extended position. When the inner member 28 is in the
recessed position, the first locking arrangement 36
and/or second locking arrangement 38 are capable of
engaging the inner member 28 to restrict rotation of the
inner member 28 relative to the outer housing 16 in the
first direction A and/or in the second direction B.
[0029] With reference to Figs. 3 and 8, the adapter 10
may further include a biasing member, such as a leaf
spring 56, connected between the housing 16 and inner
member 28 (shown in Fig. 3). The leaf spring 56 includes
two or more flexible arms 62 that may be moved from a
default position (shown in Fig. 9A) to a compressed po-
sition (shown in Fig. 9B). In certain aspects, the leaf
spring 56 is a single molded structure. The leaf spring 56
may also be molded as two or more separate compo-
nents connected together through the inner member 28.
The leaf spring 56 may also be integrally formed with the
inner member 28. As will be appreciated by one having
ordinary skill in the art, the outer diameter of the ring
formed by the flexible arms 62 increases as the spring
56 is compressed from the default position to the com-
pressed position. In other aspects, the leaf spring 56 may
also be configured with a constant outer diameter in both
the default and compressed positions. The leaf spring 56
may include a bottom 58 or foot configured to be received
within a groove 60 (shown in Fig. 8) extending from a
portion of the sidewall 22 of the housing 16. With specific
reference to Fig. 3, the leaf spring 56 is configured to
bias the inner member 28 in the proximal direction P rel-
ative to the outer housing 16 to counteract compressive
force applied to the inner member 28 by the user. Ac-

cordingly, when compressive force is not applied to the
inner member 28, the leaf spring 56 maintains the inner
member 28 in the extended position. As previously de-
scribed, when the inner member 28 is in the extended
position, the first locking arrangement 36 and the second
locking arrangement 38 cannot engage the inner mem-
ber 28. Thus, the inner member 28 is freely rotatable in
both direction A and direction B. The user may transition
the inner member 28 to the recessed position by applying
a compressive force thereto in the distal direction D that
is sufficient to overcome the biasing force of the leaf
spring 56.
[0030] As described above, the adapter 10 of the
present disclosure is configured to require a compound
motion or activity to disconnect the syringe 4 (shown in
Fig. 1) from the adapter 10. In a preferred and non-lim-
iting aspect of the adapter 10, the first activation motion
or maneuver is considered to be pressing the inner mem-
ber 28 in the distal direction D with a compressive force
that is sufficient to counteract the biasing force of the leaf
spring 56. This activity may be performed, for example,
when pressing the male luer-lock 6 (shown in Fig. 1) into
the corresponding female luer-lock fitting of the connec-
tor 12.
[0031] With reference to Figs. 10 and 11 alternative
aspects of leaf springs 56 are illustrated. Specifically, in
Fig. 10, the leaf spring 56 includes a portion of the first
locking arrangement 36. In that case, the body 34 of the
inner member 28 can be a monolithic piece that can be
used in a variety of applications, regardless of the struc-
ture of the first locking arrangement 36. As will be de-
scribed hereinafter, the first locking arrangement 36 in-
teracts with a corresponding portion of the sidewall 22 of
the housing 16 to limit rotation of the inner member 28.
In Fig. 11, an aspect of the leaf spring 56 with opposing
flexible joints 64 connecting the flexible arms 62 together
is illustrated. The flexible joints 64 ensure that the spring
56 can transition to the compressed position without sub-
stantially increasing the diameter of the spring 56.
[0032] Having generally described the structure of as-
pects of the outer housing 16, inner member 28, and leaf
spring 56 of the adapter 10, the structure of the first lock-
ing arrangement 36 and the second locking arrangement
38, which restrict rotation of the inner member 28 in the
first direction A and/or the second direction B, will now
be discussed.
[0033] With reference to Figs. 3 and 12, as described
hereinabove, when the inner member 28 is in the re-
cessed position, the first locking arrangement 36 is ca-
pable of engaging a portion of the body 34 of the inner
member 28, thereby preventing the user from rotating
the inner member 28 in the first direction A, but permitting
rotation in the second direction B. With specific reference
to Fig. 12, in certain aspects, the first locking arrange-
ment 36 includes at least one protrusion 64 extending
inward from the inner surface of the sidewall 22 of the
housing 16. A corresponding protrusion 66 on the body
34 of the inner member 28 is configured to contact the
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protrusion 64 on the sidewall of the housing 16 when the
inner member 28 is in the recessed position. The protru-
sions 64, 66 may be corresponding one-way ratchet
structures. For example, each protrusion 64, 66 may in-
clude a sloped face 68 and a vertical face 70. As will be
appreciated by one having skill in the art, the vertical face
70 of the protrusions 64, 66 engage each other to prevent
rotation of the inner member in direction A. When the
inner member 28 is rotated in direction B, the sloped fac-
es 68 of corresponding protrusions 64, 66 slide against
one another to allow movement or rotation of the inner
member 28.
[0034] The protrusions 66, 64 may be arranged in a
variety of configurations about the circumference of the
body 34 of the inner member 28 and inner surface of the
sidewall 22. For example, the adapter 10 may include
two protrusions 64 extending from the inner sidewall 22
of the housing 16 and two corresponding protrusions 66
on the body 34 of the inner member 28. The protrusions
64, 66 may be positioned on opposing sides of the inner
member 28 and sidewall 22. The adapter 10 may also
include four or more protrusions 64, 66 placed at equi-
distant points about the sidewall 22 and inner member
28. Furthermore, the sidewall 22 may include a different
number of protrusions 64 than the inner member 28. For
example, in one aspect of the inner member 28, the body
34 of the inner member 28 includes two protrusions 64
on opposing sides thereof. The sidewall 22 may include
four or more protrusions 66. In this way, the user does
not have to twist the inner member 28 as far before en-
gagement between the protrusions 64, 66 is established.
[0035] With reference to Figs. 3 and 13, when the inner
member 28 is in the recessed position, the second locking
arrangement 38 is capable of engaging the inner member
28 to prevent the inner member 28 from rotating in either
the first direction A or the second direction B. The second
locking arrangement 38 includes at least one inwardly
extending tab 72 connected to a portion of the sidewall
22 of the housing 16 and configured to selectively engage
a portion of the inner member 28. In certain aspects, the
adapter 10 includes two or more tabs 72 on opposite
sides of the housing 16. Optionally, additional tabs 72
may also be positioned around the sidewall 22 of the
housing 16 to impart additional engagement force to the
inner member 28 when needed for specific applications.
In addition, the adapter 10 may include various fake but-
tons (not shown) or surfaces spaced about the adapter
10 for aesthetic purposes, such as to give the adapter
10 a more symmetrical appearance. The housing 16 may
also be structured to hide the tabs 72 to make them less
obvious, thereby improving the appearance of the adapt-
er 10.
[0036] Each tab 72 includes a pressing surface 74,
such as a button, swing arm, or tab, located on an outer
side thereof, configured to be pressed by the user. The
tab 72 also includes an inner surface 76 configured to
contact and engage a portion of the inner member 28.
The user applies a compressive force to the pressing

surface 74 of each tab 72, thereby biasing the tab 72 in
an inward direction toward the inner member 28. For ex-
ample, in one aspect, the pressing surface 76 of the tab
72 is configured to contact a smooth surface of the body
34 of the inner member 28 to form a frictional engagement
therewith. The tab 72 is connected to the sidewall 22
through one or more beams 80 connected between the
tab 72 and sidewall 22. For example, the aspect of the
adapter 10 illustrated in Figs. 12 and 13 includes two
beams 80 connected on opposite sides of the tab 72.
The aspect of the adapter 10 illustrated in Fig. 14 includes
only one beam 80 connected to the tab 72. A user may
press the pressing surface 74 of the tab 72 causing the
beam 80 to deflect inward and bringing an inner surface
76 of the tab 72 into contact with the inner member 28
to restrict rotation thereof.
[0037] With reference to Fig. 15, in certain other as-
pects, the tab 72 may be a swing tab that is directly con-
nected to the sidewall 22 of the housing 16 at a flexible
joint 78. Applying compressive force to the tab 72 causes
it to rotate inward relative to the joint 78 bringing the inner
surface 76 into contact with the inner member 28.
[0038] With reference again to Figs. 12 and 13, the
inner member 28 may include various structures for
strengthening, reinforcing, or optimizing the engagement
between the inner surface 76 of the tab 72 and the inner
member 28. For example, in one aspect, the inner mem-
ber 28 includes protrusions, such as at least one radially
extending tooth 82, extending from a skirt or surface 84
of the body 34. In one aspect, a number of teeth 82 may
be arranged around a circumference of the surface 84
to form a ring of radially extending teeth 82. As the tab
72 is biased in an inward direction toward the inner mem-
ber 28, the pressing surface 76 of the tab 72 engages
the inner member 28. More specifically, the pressing sur-
face 76 may engage the surface 84 at a region between
adjacent teeth 82, thereby forming an interference en-
gagement that restricts or prevents rotation of the inner
member 28 relative to the housing 16.
[0039] With reference to Fig. 16, in a preferred and
non-limiting aspect, the adapter 10 further includes a
membrane housing 86 inserted within the outer housing
16. The membrane housing 86 supports or holds a sep-
tum or membrane (not shown). The septum or membrane
prevents fluid or gas from passing to the atmosphere
through the interior of the adapter 10. The membrane
housing 86 is capable of moving within the outer housing
16. In one position, such as when the adapter 10 is con-
nected to a mating connector or component, the mem-
brane housing 86 is adjacent to the distal end of the inner
member 28 and partially surrounded by the leaf spring
56. In this position, the membrane housing 86 prevents
the inner member 28 from biasing the leaf spring 56 and
transitioning from the extended position to the recessed
position. Accordingly, the membrane housing 86 also
prevents the one-way ratchet structures of the first lock-
ing arrangement 36 (not shown in Fig. 16) or tabs 72 and
pressing surfaces 76 of the second locking arrangement
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38 from contacting and engaging the inner member 28
to restrict rotation thereof. Therefore, when the mem-
brane housing 86 is adjacent to the inner member 28,
the inner member 28 is held in the extended position and
spins freely in direction A and direction B. As such, it
would be difficult to remove the syringe 4 (shown in Fig.
1) from the connector 12 when the membrane housing
86 is in the position adjacent to the inner member 28
illustrated in Fig. 16.
[0040] Having discussed the closed transfer system
assembly 2 and structure of the adapter 10, steps for
connecting the syringe 4 to and disconnecting the syringe
4 from the adapter 10 will now be discussed in detail. As
described hereinabove, the adapter 10 is configured so
that the syringe 4 can be connected to the adapter 10
through a series of intuitive and easy connection steps.
The adapter 10 is configured such that the steps for re-
moving the syringe 4 from the adapter 10, referred to as
compound motion disengagement, require more delib-
erate action by the user, thereby preventing the user from
inadvertently or accidentally removing the syringe 4 from
the adapter 10.
[0041] With reference to Figs. 1-3, to connect the sy-
ringe 4 to the adapter 10, the user grasps the syringe 4
in a conventional manner. The user aligns the distal por-
tion of the syringe 4 with the connector 12 of the adapter
10, such that helical threads 14 of the connector 12 con-
tact corresponding threads 9 on the shield 8 surrounding
the male luer lock 6 of the syringe 4. It is noted, however,
that since the adapter 10 is in the disengaged position,
the inner member 28 spins freely in both the first direction
A and the second direction B. Therefore, if the user were
to try to turn the syringe 4 relative to the connector 12,
the inner member 28 would also rotate preventing con-
nection therebetween. Instead, the user must press the
syringe 4 against the connector 12 in distal direction D
with sufficient compressive force to overcome the biasing
force of the leaf spring 56. Once sufficient force is applied,
the inner member 28 is transitioned to the recessed po-
sition.
[0042] In the recessed position, the protrusions 64, 66
(shown in Figs. 12 and 13) of the first locking arrange-
ment 36 are brought into contact with one another. More
specifically, once the inner member 28 is in the recessed
position, the user can slightly rotate the inner member
28 relative to the housing 16 to established contact and/or
engagement between the protrusions 66 of the inner
member 28 and protrusions 64 extending from the hous-
ing 16. Once the engagement between the first locking
arrangement 36 and inner member 28 is established, the
inner member 28 is prevented from rotating any farther
in the first direction A. Thus, the user can rotate the sy-
ringe 4 in direction A relative to the connector 12 to en-
gage the threads 9 of the syringe 4 with the corresponding
helical threads 14 of the connector 12. Since the inner
member 28 is fixedly engaged with the first locking ar-
rangement 36, twisting the syringe 4 in direction A does
not cause the inner member 28 to rotate.

[0043] Once the syringe 4 is sufficiently tightly connect-
ed to the connector 12 of the inner member 28, the user
can release the syringe 4. When the syringe 4 is released,
the leaf spring 56 biases the inner member 28 back to
the extended position. In the extended position, the inner
member 28 and syringe 4 attached thereto can freely
rotate in either direction relative to the housing 16. Fur-
thermore, since the inner member 28 rotates in conjunc-
tion with rotation of the syringe 4, it would be rather dif-
ficult or impossible for the user to remove the syringe 4
from the connector 12 of the inner member 28 when it is
in the extended position. Thus, the chance that the user
or patient could inadvertently remove the syringe 4 from
the adapter 10 is effectively reduced.
[0044] To remove the syringe 4 from the adapter 10,
the user first pushes the syringe 4 toward the adapter
10, in the same manner described above, to transition
the inner member 28 from the extended position to the
recessed position. This action is referred to as the first
motion or maneuver. Specifically, to disconnect the sy-
ringe 4 from the connector 12, the user must rotate the
syringe 4 in direction B. However, when the adapter 10
is in the partially engaged position in which it cannot ro-
tate in direction A, it is free to rotate in direction B, mean-
ing that removing the syringe 4 from the connector 12
would be difficult or prevented. Therefore, the user must
press the pressing surfaces 74 of the tabs 72 of the sec-
ond locking arrangement 38. Pressing the tabs 72 is re-
ferred to as the second motion or maneuver. Pressing
the pushing surfaces 74 causes the tabs 72 to contact
and engage the inner member 28. The second locking
arrangement 38 prevents the inner member 28 from ro-
tating in either direction A or direction B. Since, in this
position, the inner member 28 is prevented from rotating
in direction B, the user can easily twist the syringe 4 in
direction B to unscrew it from the connector 12. The sec-
ond locking arrangement 38, however, cannot be en-
gaged when the inner member 28 is in the extended po-
sitioned. Unscrewing the syringe 4 from the connector
12 is referred to as the third motion of maneuver.
[0045] With reference to Fig. 17, according to another
aspect of the invention, a removal tool 100 for removing
the syringe 4 (shown in Fig. 1) from the inner member
28 of the adapter 10 is illustrated. The removal tool 100
includes a u-shaped jaw 110 that is configured to contact
opposing flats 47 of the pedestal 46 of the inner member
28. When the removal tool 100 is connected to the flats
47, the inner member 28 is prevented from rotating even
when it is in the extended position. More simply, the re-
moval tool 100 holds the inner member 28 in place. As
such, a user can easily remove the syringe 4 from the
adapter 10 without having to manipulate the inner mem-
ber 28 to engage one of the locking arrangements 36,
38 (shown in Fig. 3). Advantageously, the removal tool
100 could be used if a user must frequently disconnect
syringes 4 (shown in Fig. 1) from adapters 10 or in situ-
ations in which the user must wear heavy gloves to avoid
contacting toxic substances. In such cases, the heavy
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gloves may make performing the compound motion ac-
tivities described herein for removing the syringe 4 from
the adapter 10 too difficult to perform on a regular basis.
[0046] With reference to Fig. 18A, another aspect of
a removal tool 100 is illustrated. The removal tool 100
includes a handle 112 having one or more substantially
straight legs 114 extending from a distal end thereof. The
legs 114 have a substantially circular cross section and
are configured to be inserted in a corresponding hole 90
(shown in Fig. 18B), with a corresponding cross section,
extending inward from the cap 40 of the inner member
28. The user inserts the legs 114 of the removal tool 100
into the corresponding holes of the inner member 28.
When removing the syringe 4 (shown in Fig. 1) from the
adapter 10, the user holds the handle 112 of the removal
tool 100 with sufficient force to prevent the removal tool
100 and inner member 28 from rotating. In this way, the
holes 90 function in a similar manner to the above de-
scribed pedestal, in that the holes 90 provide a structure
or mechanism that engages the removal tool 100 to the
inner member 28.
[0047] With reference to Figs. 19 and 20, additional
aspects of adapters 10 with structures for preventing ro-
tation of the inner member 28 relative to the grip housing
16 are illustrated. With specific reference to Fig. 19,
grasping surfaces, such as one or more wings 92, may
extend from the distal surface of the cap 40 of the inner
member 28. When disconnecting the syringe 4 (shown
in Fig. 1) from the inner member 28, the user can grasp
the wings 92 with one hand with sufficient force to prevent
the inner member 28 from rotating. In certain other as-
pects, the grasping surfaces may be raised ridges, tabs,
thumb grooves, or other protrusions, as are known in the
art. The grasping surfaces, such as the wings 92 illus-
trated in Fig. 19, may be easier for a user to hold for
certain shapes of fluid sources or syringes and provide
an alternative to the tabs 72 of the second locking ar-
rangement 38 described above in connection with other
aspects.
[0048] With specific reference to Fig. 20, the housing
10 may also include a deformable portion extending
about the portion adjacent to the inner member 28. The
deformable portion 94 is capable of being pressed
against the inner member 28 to restrict rotation thereof.
The deformable portion 94 may include recessed press-
ing surfaces 96 having a curvature that can easily be
grasped by the user. When sufficient squeezing force is
applied to the pressing surfaces 76, the deformable por-
tion 94 of the housing 16 is biased against the inner mem-
ber 28 preventing rotation thereof. In certain aspects, the
deformable portion 94 of the housing 16 may also include
slots 98 adjacent to the pressing surfaces 96. The slots
98 minimize the disconnection force between the deform-
able portion 94 of the housing 16 and the inner member
28 by limiting the area of contact therebetween. The de-
formable portion 94 of the housing 16 provides yet an-
other removal option for the user.
[0049] Although the invention has been described in

detail for the purpose of illustration based on what is cur-
rently considered to be the most practical and preferred
aspects, it is to be understood that such detail is solely
for that purpose and that the invention is not limited to
the disclosed aspects, but, on the contrary, is intended
to cover modifications and equivalent arrangements that
are within the spirit and scope of the appended claims.
For example, it is to be understood that the present in-
vention contemplates that, to the extent possible, one or
more features of any aspect can be combined with one
or more features of any other aspect.

FURTHER ASPECTS OF THE INVENTION

[0050]

1. An adapter for connection with a fluid container
comprising:

an outer housing having a distal end, a proximal
end, and a generally cylindrical sidewall extend-
ing between the distal end and the proximal end;
an inner member comprising a body rotatably
inserted within the outer housing and a connec-
tor extending from the body configured to con-
nect the adapter to a fluid container;
a first locking arrangement engageable with the
body of the inner member and configured to re-
strict the inner member from rotating relative to
the housing in a first direction; and
a second locking arrangement engageable with
the body of the inner member and configured to
restrict the inner member from rotating relative
to the housing in both the first direction and a
second direction,
wherein the adapter is transitionable between:
a disengaged state, in which the first locking ar-
rangement and the second locking arrangement
are not engaged with the inner member; a par-
tially engaged state in which the first locking ar-
rangement engages the inner member; and a
fully engaged state in which the second locking
arrangement engages the inner member.

2. The adapter according to Aspect 1, wherein the
inner member is rotatable in both the first direction
and the second direction when the connector is in
the disengaged state.

3. The adapter according to Aspect 1, wherein the
inner member is transitionable from an extended po-
sition to a recessed position by applying a compres-
sive force to the inner member.

4. The adapter according to Aspect 3, further com-
prising a biasing member that maintains the inner
member in the extended position.
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5. The adapter according to Aspect 4, wherein the
biasing member is a leaf spring.

6. The adapter according to Aspect 3, wherein the
first locking arrangement comprises at least one pro-
trusion extending inward from an inner surface of the
sidewall of the housing and a corresponding protru-
sion on the body of the inner member configured to
engage the protrusion on the sidewall.

7. The adapter according to Aspect 6, wherein the
at least one protrusion extending inward from an in-
ner surface of the sidewall of the housing and the
corresponding protrusion on the body of the inner
member are one-way ratchets comprising a sloped
face and a substantially vertical face.

8. The adapter according to Aspect 1, wherein the
first locking arrangement comprises at least two pro-
trusions positioned on opposing circumferential
sides of the sidewall of the housing and at least two
corresponding protrusions extending from the body
of the inner member.

9. The adapter according to Aspect 1, wherein the
second locking arrangement comprises at least one
inwardly extending tab connected to a portion of the
sidewall of the housing and configured to selectively
engage a portion of the inner member.

10. The adapter according to Aspect 1, wherein the
second locking arrangement comprises at least two
inwardly extending tabs positioned on opposing
sides of the sidewall of the housing.

11. The adapter according to Aspect 9, wherein the
at least one tab comprises a pressing surface con-
figured such that applying a compressive force to
the pressing surface biases the tab inward to engage
the portion of the inner member.

12. The adapter according to Aspect 11, wherein the
tab is connected to the sidewall of the housing at a
flexible joint, such that application of the compres-
sive force to the pressing surface biases the tab in-
ward about the flexible joint.

13. The adapter according to Aspect 11, wherein the
second locking arrangement further comprises a
beam that connects the tab to the sidewall of the
housing, and wherein applying a compressive force
to the pressing surface deflects the beam inward
thereby extending the at least one tab toward the
inner member.

14. The adapter according to Aspect 13, wherein the
second locking arrangement comprises two beams
connected to opposing sides of the tab.

15. The adapter according to Aspect 9, wherein the
second locking arrangement further comprises at
least one tooth extending radially from the inner
member, the tooth being configured to engage the
at least one tab.

16. The adapter according to Aspect 1, wherein the
connector comprises an outer surface with helical
threads, configured to engage corresponding
threads on an inner surface of a portion of the fluid
container.

17. The adapter according to Aspect 16, wherein the
connector comprises a luer connector configured to
receive a corresponding luer connector of the fluid
container.

18. The adapter according to Aspect 1, wherein the
inner member is transitionable from an extended po-
sition to a recessed position relative to the outer
member, wherein the inner member is in the disen-
gaged state when in the extended position, and
wherein the inner member is in one of the partially
engaged state and the fully engaged state when in
the recessed position.

19. The adapter according to Aspect 18, wherein the
inner member is in the fully engaged state when the
inner member is in the recessed position and when
the second locking arrangement is engaged with the
body of the inner member.

20. A method of disconnecting a fluid container to
an adapter comprising:

providing an adapter comprising:

an outer housing having a distal end, a prox-
imal end, and a generally cylindrical side-
wall extending between the distal end and
the proximal end;
an inner member comprising a body rotat-
ably inserted within the housing and a con-
nector extending from the body comprising
a connector configured to engage with the
fluid container;
a first locking arrangement engageable with
the body of the inner member and config-
ured to restrict the inner member from ro-
tating relative to the housing in a first direc-
tion; and
a second locking arrangement engageable
with the body of the inner member and con-
figured to restrict the inner member from ro-
tating relative to the housing in both the first
direction and a second direction;

moving the fluid container in an axial direction
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towards the adapter;
engaging the second locking arrangement; and
rotating the fluid container to disconnect the fluid
container from the inner member of the adapter.

Claims

1. An adapter for connection with a fluid container com-
prising:

an outer housing having a distal end, a proximal
end, and a generally cylindrical sidewall extend-
ing between the distal end and the proximal end;
an inner member comprising a body rotatably
inserted within the outer housing and a connec-
tor extending from the body configured to con-
nect the adapter to a fluid container, a first lock-
ing arrangement engageable with the body of
the inner member and configured to restrict the
inner member from rotating relative to the hous-
ing in a first direction;
wherein a second locking arrangement engage-
able with the body of the inner member is con-
figured to restrict the inner member from rotating
relative to the housing in both the first direction
and a second direction, and
wherein the adapter is transitionable between:
a disengaged state, in which the first locking ar-
rangement and the second locking arrangement
are not engaged with the inner member; a par-
tially engaged state in which the first locking ar-
rangement engages the inner member; and a
fully engaged state in which the second locking
arrangement engages the inner member.

2. The adapter according to claim 1, wherein the inner
member defining a removal interface configured to
be engaged to prevent rotation of the inner member
relative to the outer housing;

3. The adapter according to claim 1, wherein the re-
moval interface comprises a tool engagement sur-
face, wherein the tool engagement surface prefera-
bly comprises opposing flat surfaces and/or compris-
es at least one hole.

4. The adapter according to claim 1, wherein the re-
moval interface comprises at least one wing defining
a grasping surface and/or wherein the inner member
is rotatable in both the first direction and the second
direction when the connector is in the disengaged
state.

5. The adapter according to claim 1, wherein the inner
member is transitionable from an extended position
to a recessed position by applying a compressive
force to the inner member.

6. The adapter according to claim 5, further comprising
a biasing member that maintains the inner member
in the extended position.

7. The adapter according to claim 5, wherein the first
locking arrangement comprises at least one protru-
sion extending inward from an inner surface of the
sidewall of the housing and a corresponding protru-
sion on the body of the inner member configured to
engage the protrusion on the sidewall.

8. The adapter according to claim 7, wherein the at least
one protrusion extending inward from an inner sur-
face of the sidewall of the housing and the corre-
sponding protrusion on the body of the inner member
are one-way ratchets comprising a sloped face and
a substantially vertical face.

9. The adapter according to claim 1, wherein the first
locking arrangement comprises at least two protru-
sions positioned on opposing circumferential sides
of the sidewall of the housing and at least two cor-
responding protrusions extending from the body of
the inner member.

10. The adapter according to claim 1, wherein the sec-
ond locking arrangement comprises at least one in-
wardly extending tab connected to a portion of the
sidewall of the housing and configured to selectively
engage a portion of the inner member.

11. The adapter according to claim 1, wherein the sec-
ond locking arrangement comprises at least two in-
wardly extending tabs positioned on opposing sides
of the sidewall of the housing, wherein the at least
one tab preferably comprises a pressing surface
configured such that applying a compressive force
to the pressing surface biases the tab inward to en-
gage the portion of the inner member.

12. The adapter according to claim 1, wherein the con-
nector comprises an outer surface with helical
threads, configured to engage corresponding
threads on an inner surface of a portion of the fluid
container, wherein the connector preferably com-
prises a luer connector configured to receive a cor-
responding luer connector of the fluid container.

13. A syringe adapter assembly comprising:

a syringe adapter comprising:

an outer housing having a distal end, a prox-
imal end, and a generally cylindrical side-
wall extending between the distal end and
the proximal end;
an inner member comprising a body rotat-
ably inserted within the outer housing and
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a connector extending from the body con-
figured to connect the adapter to a fluid con-
tainer, the inner member defining a removal
interface;
a first locking arrangement engageable with
the body of the inner member and config-
ured to restrict the inner member from ro-
tating relative to the housing in a first direc-
tion; and
a second locking arrangement engageable
with the body of the inner member and con-
figured to restrict the inner member from ro-
tating relative to the housing in both the first
direction and a second direction,
wherein the adapter is transitionable be-
tween: a disengaged state, in which the first
locking arrangement and the second lock-
ing arrangement are not engaged with the
inner member; a partially engaged state in
which the first locking arrangement engag-
es the inner member; and a fully engaged
state in which the second locking arrange-
ment engages the inner member; and

a removal tool configured to engage the removal
interface of the inner member to prevent rotation
of the inner member relative to the outer hous-
ing.

14. The assembly according to claim 13, wherein the
removal interface comprises opposing flat surfaces
and the removal tool comprises a U-shaped jaw con-
figured to contact the opposing flat surfaces.

15. The assembly according to claim 13, wherein the
tool engagement surface comprises a pair of holes
and the removal tool comprises a handle and a pair
of legs, the pair of legs configured to be received by
the pair of holes, respectively.
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